The research on incidence of mistletoe (Viscum album ssp. abietis) on silver fir (Abies alba) was carried out in natural fir stands in Croatia. In the area of Gorski Kotar 32.8 % of the examined dominant fir trees were infected with mistletoe. The mistletoe incidence was presented according to the damage degrees of silver fir from 0 (healthy trees) to 4 (dead trees), rated by the crown defoliation and needle discoloration. With the increase of incidence, mistletoe spreads more onto more vital, i.e. less damaged trees. In the Dinaric Alps 28.6% of the examined fir trees were infected, this percentage amounting to 27.1% for the mountainous regions between the Sava and Drava rivers. The site and stand parameters (exposure, elevation, site quality, forest community and crown closure) were analysed in order to establish whether there was a correlation between these parameters and mistletoe incidence. There was a negative correlation between the elevation and mistletoe incidence. Among the compartments with a closed stands there were considerably less compartments with higher mistletoe incidence than among compartments with a sparsely closed and understocked stands. The other analysed site and stand parameters individually had no significant influence on mistletoe incidence. The correlation of silver fir mortality in 2004 and mistletoe incidence in 2002/03 was analysed, and their strong correlation was established. Mistletoe could be considered as a bioindicator of silver fir decline, and probably a significant contributor to that decline. In the areas where mistletoe incidence is great it can be presumed that silver fir is significantly damaged.
Introduction
Viscum album L. is an epiphytic angiosperm of the Viscaceae family living as a hemiparasite on a large number of trees and shrubs. It is an evergreen, dioecious plant, with persistent haustoria in the host, dichasial branching and white, viscous fruits. This species has three subspecies that are very similar in terms of their morphological characters, however, they differ in host specificity: V. album ssp. album (occurs on deciduous hardwoods), V. album ssp. abietis (Wiesb.) Abrom. (on firs) and V. album ssp. austriacum (Wiesb.) Vollm. (on pines, and rarely on European larch and Norway spruce). The main vectors of mistletoe spreading are birds, the most important one being the mistle thrush (Turdus viscivorus L.). Zuber (2004) gave a detailed survey of the taxonomy, morphology, ecology, population biology, genetics, chemistry and physiology of V. album.
V. album ssp. abietis is the most specialized subspecies. It was observed on 18 hosts, nine of which were under natural conditions, and there were as many species which infection was the result of artificial inoculation (Barney et al. 1998) . The distribution range of V. album ssp. abietis stretches through southern and southeastern Europe, Caucasus and Asia Minor.
In Croatia it occurs on silver fir (A. alba Mill.) as an important biotic factor in natural forests (Idžojtić et al. 2003) . Silver fir is the most widely distributed coniferous tree species in Croatia. It grows on about 200 000 ha and makes up 9.4% of the total growing stock (other conifers make up 5.2% together). It is distributed in the area of Gorski Kotar and the Dinaric Alps (the large mountain massifs which separate the continental from the Mediterranean and Submediterranean region), as well as the mountainous regions between Sava and Drava rivers (in the northern part of the country). It forms pure or mixed forests of varying mixture ratios and is almost completely included in the common beech distribution range in Croatia (Vukelić & Baričević 2001) .
Material and methods
The research was carried out in natural silver fir stands in Croatia. In the area of Gorski Kotar ( Fig. 1/1 ) the research was carried out parallel to the assessment of fir damage, during a period of 5 years, 1998-2002 . Silver fir dominant trees, whose top of the tree was clearly visible from the ground, were observed by the ocular method (binoculars and eyesight). For the examined trees, a notice was made of whether they were infected with mistletoe or not. Further the tree 82 M. Idžojtić et al. damage was assessed, i.e. the crown defoliation and the needle discoloration (Anonymous 1989) . In total, on the area of 12 forest offices, 21 management units (the organizational units which comprise a different number of compartments), and 491 compartments in which silver fir comprised more than 50 % of the trees, 68 256 trees were examined.
In the Dinaric Alps ( Fig. 1/2 ), as well as the mountainous regions between the rivers Sava and Drava ( Fig. 1/3 ) a field research was carried out in winter 2002/03 and 2003/04. The area represented 19 forest offices, 35 management units, and 327 compartments in which silver fir comprised more than 50% of the trees, in total 23 846 trees. The ocular method was used to examine the silver fir dominant trees whose top of the tree was clearly visible. For the examined trees, a notice was made of whether they were infected with mistletoe or not, as well as how many mistletoe plants there were on the tree (incidence severity). For the Dinaric Alps a database of the site and stand parameters was made using the management plans. The database contained information about the exposure, elevation, site quality, forest community and crown closure. The data were processed in STATISTICA (STATSOFT Inc., 2004) in order to establish whether there was a correlation between the above-mentioned parameters and mistletoe incidence.
Additionally, the volume of dead fir trees (m 3 /ha) in 2004 for 10 management units (42 075 
Results

Gorski Kotar
In the area of Gorski Kotar out of 68 256 examined trees, 22 385 were infected with mistletoe, which amounts to 32.8%. According to the damage degree of fir trees, mistletoe occurs on trees of degree 0 (healthy trees) to degree 4 (dead trees), Fig. 2 . Out of the trees which were assessed as entirely healthy, mistletoe was found only on 7 trees, i.e. on 0.01% of all examined trees. The incidence was also relatively low for degree 1 (damage category 11-25%) and 2a (damage category 26-40%), on which mistletoe occurred on 0.14%, i.e. 1.34% trees respectively. Of the examined trees the highest incidence, 17.8%, was observed for degree 2b (damage category 41-60%). For this degree there was also the highest number of uninfected trees (41.5%), i.e. of all the examined fir trees 59.3% were damaged 41-60% (degree 2b). The incidence was also considerable for degree 3a (damage category 61-80%), on which there were more infected (9.5%) than uninfected (7.7%) trees, with similar results for degree 3b (damage category 81-99%), on which there were 3.9% infected, and 1.4% of uninfected trees. Out of all the examined trees 0.6% were dead trees, mistletoe was observed on 0.2%, whereas on 0.4% no mistletoe could be found.
In the examined compartments 0-99% of the examined fir trees were infected. The data were divided Incidence of mistletoe on silver fir into compartments in which up to 33% of the examined trees were infected (57% of the examined compartments), the ones with 33-66% of infected trees (26% of compartments) and compartments with more than 66% of infected trees (17% of compartments). In compartments with mistletoe incidence up to 33% for all degrees of fir damage there was a considerably higher percent- age of uninfected than infected trees (Fig. 3) . With the increase of mistletoe incidence (33-66% of infected trees in a compartment) the difference in the percentage of infected and uninfected trees for all degrees of fir damage from 0 to 2b was diminished, and for degrees 3a and 3b there was already a considerably higher percentage of infected fir trees (Fig. 4) . In compartments in which more than 66% of the examined trees were infected, the difference in the ratio of infected and uninfected fir trees for degrees of damage from 0 to 2a was still lower, and for degree 2b there were already more infected than uninfected trees (Fig. 5 ). In these compartments almost all fir trees, which were damaged more than 60% (levels 3a, 3b and 4), were infected with mistletoe.
Dinaric Alps and mountainous regions between the rivers Sava and Drava
In the Dinaric Alps out of the 10 215 examined silver fir trees, 28.6% were infected with mistletoe, whereas in the mountainous regions between Sava and Drava rivers out of the 13 631 examined trees 27.1% were infected, which is somewhat less than in the Gorski Kotar region. For the whole examined area, up to 10 mistletoe plants per tree could be observed on 70% of the infected trees. Then this percentage decreased considerably (Fig. 6) . The mistletoe incidence of individual compartments was very diverse, from 0-100% of the examined trees. There was a negative correlation between the elevation and mistletoe incidence of silver fir, and that correlation was significant (r = −0.5; p < 0.01). The mean elevation of the examined compartments was between 520 and 1 215 m. Up to 700 m all the examined compartments were infected above 20%. Above 1 100 m only 24% of compartments were infected with mistletoe.
Sixty percent of compartments with closed stands had mistletoe incidence of 10% or less compared with 31% of compartments with sparsely closed stands and only 15% of compartments with understocked stands. With the increase of mistletoe incidence, there was a considerable difference between compartments with closed stands (smaller share of compartments with higher incidence) and those with sparsely closed stands or understocked stands (bigger share of more infected compartments), Fig. 7-9 . In compartments with closed stands there were no compartments, which were infected up to more than 60%, whereas there were 8% of such compartments among those with sparsely closed stands, i.e. 9% among compartments with understocked stand.
No relationship was found between other analysed site and stand parameters individually and mistletoe incidence. In natural forests of silver fir managed by Croatian Forests Co. Ltd. (who manages 82% of forests and forest land in Croatia) an increased fir dieback was observed in 2004. In that year the marked dead fir trees made up 94.4% of the annual felling volume of silver fir in the Dinaric Alps. Fig. 10 shows the correlation between the volume of the fir mortality (m 3 /ha) and mistletoe incidence for 10 management units. The correlation coefficient (r) was 0.95, i.e. there was a significant correlation (p < 0.01) between the mistletoe incidence and fir mortality. In four management units in which there were no dead trees, prior to that no mistletoe could be found. In the management unit in which the highest fir mortality was observed (16.6 m 3 /ha) also the mistletoe incidence was the highest (61%).
Discussion
In Croatia silver fir forests have been declining for many years now, especially in Gorski Kotar (Kalafadžić et al. 1990; Božić et al. 2004 ). This decline is the consequence of the synergetic influence of unfavourable abiotic and biotic factors (climate, air pollution, insect pests, pathogenic fungi and human influence). During the last years, especially in dry and warm years, the outbreaks of bark beetles (Pityokteines spinidens Reitt., P. curvidens Germ. and P. vorontzovi Jacobs) have been recorded. These insects are considered as the most important pests which have been indirectly responsible for the health status and decline of fir stands (Diminić et al. 1996) . In the 50s, late 60s and early 70s of the last century a silver fir defoliator Argyresthia fundella F.R. played an important role in fir health as well (Harapin & Hrašovec 2001) . The role of pathogenic fungi in fir health status has been recorded as less important. Although, Armillaria species were associated with fir decline, mainly in years after the drought stress. The rust fungus Melampsorella caryophyllacearum (D.C.) Schrot. as the common cause of the fir witches brooms and bark cancers on branches and trunks, has not been identified as the cause of decline, although some trees were found heavily infected (Glavaš & Diminić 2001) .
In 1970's and 1980's in Switzerland, reports were made about the mistletoe problem on silver fir (Hofstetter 1988). Mistletoe incidence was especially high in areas with unfavourable site conditions, of which drought, as well as air pollution with chemicals and dust were especially expressed. Mistletoe was mentioned as the most important biotic factor influencing the mortality of Greek fir (A. cephalonica Loudon) in the National Park Parnis in Greece (Tsopelas et al. 2004) .
Mistletoe often spreads in large numbers, additionally exhausting the host with its uneconomical water consumption (Fisher 1983; Ehleringer et al. 1986) , it adds to the further decline of vitality accompanied by an intense attack of secondary pests and diseases (Hawksworth 1983) . The research showed that with the increased mistletoe incidence on silver fir, it spreads more and more onto more vital, i.e. less damaged fir trees. In the near future these trees are very likely to proceed to a higher degree of damage. Since there was a significant correlation between mistletoe incidence and silver fir mortality, mistletoe could be considered as the bioindicator of fir decline, and probably a significant contributor to that decline. In regions in which the mistletoe incidence is great, it can be presumed that silver fir is significantly damaged. According to the present state of mistletoe incidence, we should regard it as one of the many unfavourable biotic factors for silver fir in Croatia.
